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Abstract 

The crystal of Sc(NH3OH)(SO4)2.1.5H20 is built up 
from scandium, sulfate and hydroxylammonium ions, 
and from two crystallographically different molecules of 
water. The structure can be described as comprising 
chains of octahedrally and tetrahedrally arranged O 
atoms around Sc and S atoms, respectively. These 
chains are hydrogen bonded by the hydroxylammonium 
ions and the water molecules. 

Comment 
The X-ray structure determination of the title compound 
was undertaken as part of a project focused on the struc- 
tural studies of double sulfate compounds of the transi- 
tion elements. Previously reported crystallographic data 
concerning the scandium double sulfates of the type 
MSc(SO4)2  (where M = Na, K, Rb, Cs or NH4) are rather 
poor. These compounds have been obtained in micro- 
crystalline form and because of this the structural data 

have been determined mainly from X-ray powder 
photographs (Bashkov, Komissarova, Spiridonov & 
Shatskij, 1972; Koritnaya & Pokrovskij, 1980). The 
crystal and molecular structures of scandium double 
sulfate compounds have only been given for 
Na3Sc(SO4)3.5H20 (Sizova, Voronkov & Belov, 1974). 

The structure of the compound presented in this work 
consists of scandium, sulfate and hydroxylammonium 
ions, and two crystallographically different molecules of 
water. One of the water molecules is bonded to Sc; the 
other, having an occupancy of 0.5, is close to a centre of 
symmetry and is hydrogen bonded to 0(9) of the 
hydroxylammonium ion as well as to 0(5) of the sulfate 
ion. 

The Sc atom is octahedrally coordinated by five O 
atoms from the sulfate groups and by one water mole- 
cule, O(10). The values of the S c - - O  bond distances 
vary between 2.026 (2) and 2.130 (2)/~,. These distances 
compare well with the average values found for previ- 
ously determined data concerning six-coordinated Sc 
(Anderson, Neuman & Melson, 1973; Hansson, 1973; 
Valkonen, Niinisto, Eriksson, Larsson & Skoglund, 
1975; Valkonen, 1978). The most distant atom from Sc 
is O(10) of the coordinated water molecule. This is also 
the case in some sulfate compounds of the rare earths 
(Dereigne, Manoli, Pannetier & Herpin, 1972; Larsson, 
Linderbrandt, Niinisto & Skoglund, 1973). The octahe- 
dron around the metal is distorted and the O - - S c - - O  
angles vary between 84.11 (7) and 96.45 (7) ° . The 
geometries of the hydroxylammonium and sulfate ions 
are as expected (Vilminot, Anderson & Brown, 1973; 
Tanaka & Tsujikawa, 1982; Ishakova, Gasanov, Bondar, 
Kleinman, Novik & Trunov, 1988). 

Both types of water are involved in hydrogen bond- 
ing. The water molecule coordinated to the Sc atom is 
hydrogen bonded to the sulfate ion. The statistically dis- 
tributed water molecule has contacts with the O atoms of 
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Fig. 1. Stereoscopic view of the unit cell together with the atom-labelling scheme. 
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the  su l fa te  a n d  h y d r o x y l a m m o n i u m  g roups .  Al l  O a t o m s  

o f  the  t w o  su l fa te  ions  e x c e p t  0 ( 4 )  a re  i n v o l v e d  in 

h y d r o g e n  b o n d i n g .  T h i s  s e e m s  to be  the  r e a s o n  fo r  the  

sho r t  S - - O ( 4 )  b o n d  d i s t ance .  

Fig.  1 p r e s e n t s  a s t e r e o s c o p i c  v i e w  o f  the  uni t  cel l  

t o g e t h e r  w i t h  the  a t o m - l a b e l l i n g  s c h e m e  used .  T h e  oc t a -  

h e d r a  a n d  t e t r a h e d r a  are  c o n n e c t e d  in c h a i n s  a l o n g  the  a 

axis.  T h e s e  c h a i n s  a re  h y d r o g e n  b o n d e d  in the  b -ax i s  

d i r e c t i o n  wi th  e a c h  h y d r o x y l a m m o n i u m  ion,  as we l l  as 

w i t h  e a c h  s ta t i s t i ca l ly  d i s o r d e r e d  w a t e r  m o l e c u l e ,  and  in 
the  c - ax i s  d i r e c t i o n  w i t h  e a c h  S c - c o o r d i n a t e d  w a t e r  m o l -  

ecu le .  

Experimental 

Crystals were grown from an aqueous solution of  5c21504)3 
and (NH3OH)2SO4 in a 1:1 molar  ratio. Well shaped crys- 
tals were obtained by recrystallization from the water solu- 
tion, which was heated and then cooled slowly. The density 
Dm was measured by flotation in t r ibromomethane and tetra- 
chloromethane.  

Crystal data 

Sc(NH3OH)(SO4)2.1.5H20 Mo K a  radiation 
Mr = 298.14 A = 0.71069 ,~, 
Triclinic Cell parameters  from 90 
P1 reflections 
a = 5.123 (1) ,~, 0 = 10-18 ° 
b = 8.955 (1) ,~, # = 1.322 mm -~ 
c = 10.147 (1) ,~, T = 293 (1) K 
a = 80.93 (1) ° Approximate  prism 
/3 = 75.36 (1) ° 0.54 × 0.36 × 0.28 mm 
3, = 89.17 (1)o Colourless 
V = 444.6 (2) A, 3 

Z = 2  
Dx = 2.227 Mg m -3 

Data collection 
Enraf -Nonius  CAD-4 

diffractometer  
w-20 scans 
Absorption correction: 

none 
2659 measured reflections 
2604 independent  reflections 
1935 observed reflections 

[I > 3o'(/)1 

0max = 30 ° 
h = 0---~ 7 
k = - 1 2  ~ 12 
1 = - 1 4 - - - ,  14 
3 standard reflections 

moni tored every 141 
reflections 

intensity decay: 1.9% 

Refinement 

Refinement  on F 
R = 0.030 
wR = 0.034 
S = 0.42 
2166 reflections 
137 parameters  
H-atom parameters  not 

refined 
w = WfWs (see below) 

(A/o.)max = 2.33 
Apmax = 0.14 e ,~-3 
Apmin = - 0 . 1 9  e A, -3 
Extinction correction: 

Larson (1967) 
Extinction coefficient: 0.7 (1) 
Atomic scattering factors 

f rom Cromer  & Mann 
(1968) 

Tab l e  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters ( ]k 2) 

Ueq = (1/3)E,EjU,ja~a~a,.aj. 

x y z Ueq 
Sc 0.13936 (7) 0.46155 (4) 0.22313 (4) 0.0140 (2) 
S(I) 0.71644 (9) 0.29136 (5) 0.08829 (5) 0.0143 (2) 
S12) 0.58531 (9) 0.68536 (5) 0.30453 (5) 0.0172 (2) 
Oil) 0.7595 (4) 0.4150 (2) -0.0299 (2) 0.0294 (9) 
0(2) 0.9447 (3) 0.2962 (2) 0.1530 (2) 0.0234 (7) 
0(3) 0.4668 (3) 0.3216 (2) 0.1900 (2) 0.0225 (7) 
0(4) 0.6997 (4) 0.1450 (2) 0.0493 (2) 0.0308 (8) 
0(5) 0.5478 (5) 0.7152 (2) 0.4455 (2) 0.037 (1) 
0(6) 0.6660 (4) 0.8198 (2) 0.2030 (2) 0.0346 (9) 
0(7) 0.3230 (3) 0.6256 (2) 0.2947 (2) 0.0328 (9) 
0(8) 0.7836 (4) 0.5653 (2) 0.2796 (2) 0.0363 (9) 
0(9) 0.0994 (6) 0.9854 (3) 0.3315 (3) 0.051 (1) 
N 0.1610 (5) 0.9856 (3) 0.1891 (2) 0.032 (1) 
O(10) 0.0395 (4) 0.3324 (2) 0.4250 (2) 0.0282 (8) 
O(ll)t 0.555 (1) 0.0364 (5) 0.4250 (6) 0.047 (2) 

t Occupancy factor = 0.5. 

Tab le  2. Selected bond lengths (]k) and hydrogen-bond 
distances (,~ ) 

Sc----O(3) 2.070 (2) S( 1 J---O( 1 ) 1.472 (2) 
Sc---O17) 2.072 (2) S(1)----4312) 1.483 (2) 
Sc--O(10) 2.130 (2) S(1)---4)13) 1.478 (2) 
Sc----O(2 i) 2.104 (2) S(I }----O(4) 1.437 (2) 
Sc---O18 i) 2.026 (2) $12)----O(5) 1.461 (2) 
Sc--O(1") 2.038 (2) S(2)--O(6) 1.446 (2) 

S(2)--O(7) 1.486 (2) 
O(9)---N 1.399 (4) S(2)--O(8) 1.475 (2) 

D--H. • .A D.. .A 
N--H( 1 ). • .0(6') 2.918 (3) 
N--H(2). • .0(6) 2.987 (3) 
N--H(3). • .0(2") 2.982 (3) 
O(9)----H(4). - -O(11"') 2.799 (7) 
O( 10)---H(5)- - -0(5" ) 2.970 (3) 
O( 10)---H(6)- - .0(5' ) 2.753 (4) 
O( I I )---H(7). - -0(9 v') 2.767 (6) 
O(11 )---H(8). • .0(5' ) 2.737 (6) 

Symmetry codes: (i)x - 1,y,z; (ii)x - 1, I +y,z:  (iii)x, 1 +y,z;  (iv) 
- x , l - y ,  1 - z ; ( v )  l - x , l - y , l - z ; ( v i )  l + x , y -  l,z. 

Max imum zX/o. = 2.33 is at extinction, next highest ~ / a  = 
0.11 [at U22(Sc)], average ~/o .  = 0.035. w = WfW,, where  

Wf(Fo < 10.0) = (FoliO.O) 1"5, Wf(Fo > 18.0) = (18.0lEo) TM, 
Wf(10.0 < Fo < 18.0) = 1.0, and W~(sin0 < 0.35) = 

(sinO/0.35) 28, Ws(sin0 > 0.43) = (0.43/sin0) °7, W,(0.35 < 
sin0 < 0.43) = 1.0, was applied to keep Ew(F) 2 uniform over  
the ranges of  Fo and (sin 0)/~,. Computer  programs: XRAY76 
(Stewart et al., 1976). 

T h e  f inanc ia l  s u p p o r t  o f  the  M i n i s t r y  o f  S c i e n c e  a n d  

T e c h n o l o g y  o f  the  R e p u b l i c  o f  S l o v e n i a  is g r a t e f u l l y  

a c k n o w l e d g e d .  

Lists of structure factors, anisotropic displacement parameters, H-atom 
coordinates and hydrogen-bonding data have been deposited with the 
IUCr (Reference: ABII21). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CHI 2HU, England. 

References 
Anderson, T. J., Neuman, M. A. & Melson, G. A. (1973). lnorg. 

Chem. 12, 927-930. 



A. MIR(~EVA AND L. GOLI(~ 177 

Bashkov, B. I., Komissarova, I .  N., Spiridonov, F. M. & Shatskij, V. 
M. (1972). Vestn. Mosk. Univ. Khim. 5, 598-600. 

Cromer, D. T. & Mann, J. B. (1968). Acta Cryst. A24, 321-324. 
Dereigne, A., Manoli, J.-M., Pannetier, G. & Herpin, P. (1972). Bull. 

Soc. Fr. Mineral. Cristallogr. 95, 269-280. 
Hansson, E. (1973). Acta Chem. Scand. 27, 2841-2851. 
lshakova, L. D., Gasanov, J. M., Bondar, C. A., Kleinman, 1. A., 

Novik, B. K. & Trunov, B. K. (1988). Neorg. Mater. 24, 998-1003. 
Koritnaya, F. M. & Pokrovskij, A. N. (1980). Vestn. Mosk. Univ. 

Khim. 21,390-392. 
Larson, A. C. (1967). Acta Cryst. 23,664-665. 
Larsson, L. O., Linderbrandt, S., Niinisto, L. & Skoglund, U. (1973). 

Suom. Kemistil. B, 46, 314-322. 
Sizova, R. G., Voronkov, A. A. & Belov, N. V. (1974). Dokl. Akad. 

Nauk. SSSR, 217, 1073-1076. 
Stewart, J. M., Machin, P. A., Dickinson, C. W., Ammon, H. L., Heck, 

H. & Flack, H. (1976). The XRAY76 System. Technical Report TR- 
446. Computer Science Center, Univ. of Maryland, College Park, 
Maryland, USA. 

Tanaka, M. & Tsujikawa, I. (1982). Acta Cryst. B38, 2793-2797. 
Valkonen, J. (1978). Acta Cryst. B34, 3064-3066. 
Valkonen, J., Niinisto, L., Eriksson, B., Larsson, L. O. & Skoglund, U. 

(1975). Acta Chem. Scand. Ser. A, 29, 866-872. 
Vilminot, S., Anderson, M. R. & Brown, I. D. (1973). Acta Cryst. B29, 

2628-2630. 

Acta Cryst. (1995). C51, 177-179 

FeAI3Si2 

C. GUENEAU 

Laboratoire de Mdtallurgie Structurale, URA CNRS 
1107, Universitg Paris Sud, 91405 Orsay CEDEX, 
France, and Laboratoire Central de Recherche de 
Chedde, PEM, 74190 Le Fayet, France 

C. SERVANT 

Laboratoire de Mdtallurgie Structurale, URA CNRS 
1107, Universitd Paris Sud, 91405 Orsay CEDEX, 
France 

F. D'YvoIRE 

Laboratoire de Chimie des Solides, URA CNRS 446, 
Universitd Paris Sud, 91405 Orsay CEDEX, France 

N. RODIER 

Laboratoire de Chimie Mindrale, Facultd des Sciences 
Pharmaceutiques et Biologiques, 5 rue J.-B. Cldment, 
92296 Ch&tenay-Malabry CEDEX, France 

(Received 25 March 1994; accepted 3 August 1994) 

Abstract 
The title compound, iron trialuminium disilicide, is 
isotypic with PdGas, but presents a superstructure. All 
the crystals investigated were found to be twinned by 

pseudosymmetry. The average structure was refined in 
the space group I4/mcm. Then the superstructure was 
solved in Pbcn. It can be described as a succession of 
layers parallel to (001), made up of distorted bicapped 
tetragonal prisms, Al(1)Fe2Al(2hSia, centred on AI(1). 
Each of these polyhedra is connected by sharing edges 
with four similar polyhedra of the same layer and by 
Fe-corner sharing with two polyhedra of the adjacent 
layers. 

Comment 

FeA13Si2 is a minor phase in ferrosilicon alloys that 
contain about 65 wt% Si and 1-4wt% A1. Its crystal 
structure was investigated as part of a study of the alloy 
microstructure. 

The existence of FeA13Si2 was reported by Takeda 
& Mutuzaki (1940). Panday & Schubert (1969) found 
the compound to be tetragonal with a = 6.07 and c = 
9.50 A, isotypic with PdGa5 (Schubert, Lukas, Meissner 
& Bahn, 1959). Westgren, quoted by Panday & Schubert 
(1969), noted the presence of superstructure reflections 
which suggested order between AI and Si atoms. In 
fact, the formula FeAI3Si2 is a nominal one since the 
composition extends over a rather large range: the data 
of Zarechnyuk, German, Yanson, Rykhal & Muraveva 
(1981), Rivlin & Raynor (1981) and Angl6zio (1990), 
along with our own electron microprobe analysis results, 
indicate the following composition ranges, expressed in 

s l 
AI(2 

__• 0 Si 
(D 61(2) 

b ~ a (~) AI(I) 

O F e  

Fig. 1. Crystal structure of FeAI3Si2 viewed as an arrangement of 
Al-centred polyhedra. 
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